Background: Autologous collagen is an ideal soft tissue filler and may serve as a matrix for stem cell implantation and growth. Procurement of autologous collagen has been limited, though, secondary to a sufficient source. Liposuction is a widely performed and could be a source of autologous collagen. Objectives: The amount of collagen and its composition in liposuctioned fat remains unknown. The purpose of this research was to characterize an adipose-derived tissue-based product created using ultrasonic cavitation and cryo-grinding. This study evaluated the cellular and protein composition of the final product. Methods: Fat was obtained from individuals undergoing routine liposuction and was processed by a 2 step process to obtain only the connective tissue. The tissue was then evaluated by scanning electronic microscope, Western blot analysis, and flow cytometry. Results: Liposuctioned fat was obtained from 10 individuals with an average of 298 mL per subject. After processing an average of 1 mL of collagen matrix was obtained from each 100 mL of fat. Significant viable cell markers were present in descending order for adipocytes > CD90+ > CD105+ > CD45+ > CD19+ > CD144+ > CD34+. Western blot analysis showed collagen type II, III, IV, and other proteins. Scanning electronic microscope study showed a regular pattern of cross-linked, helical collagen. Additionally, vital staing demonstrated that the cells were still viable after processing. Conclusions: Collagen and cells can be easily obtained from liposuctioned fat by ultrasonic separation without alteration of the overall cellular composition of the tissue. Implantation results in new collagen and cellular growth. Collagen matrix with viable cells for autologous use can be obtained from liposuctioned fat and may provide long term results.
healthy under institutional review board approval from Stanford University during the interval from October 2011 to October 2014. The liposuction technique involved tumescent solution in the standard concentrations using 50 mL of 1% lidocaine and 1 mL of epinephrine 1:1000 followed by liposuction. The fat was then transferred to sterile bags for transport; the lipoaspirate solution was left behind. The fat was then sent to the Celebration Stem Cell Center in a temperature controlled container to be evaluated and processed within 72 hours of harvest. The tissue was processed by ultrasonic cavitation in a flow cell at 60% power and a frequency of 14.4 Hz for 2.5 minutes. The tissue was then trapped on a 200 micron filter and washed in 30 mL of PBS (phosphate buffered saline). Once all the tissue was processed it was transferred to a 50 mL falcon tube with 20 mL of PBS and centrifuged at 400 relative centrifugal force for 3 minutes. This wash was then repeated ×3 and the samples weighed (Table 1) . A scanning electronic microscope study was then performed on the tissue. The final product was then obtained by cryo-grinding with a mortar and pestle. The tissue was placed in the cryo-mill, cooled, processed for 5 cycles with an impactor frequency of 15 for two minutes. The cryo-ground product was then split in half by weight, half the product was used for the flow cytometry analysis and the other half for Western blot analysis.
Half the product was subjected to collagenase digestion overnight (3 mg/mL collagenase in Hanks' balanced salt solution) a room temperature while gently agitated on a shaker. The cellular population of the tissue released was then analyzed by a Beckman Co. (Beckman Coulter, Brea, CA) ulter FC500 cytomics flow cytometer. 3 The second 1 g aliquot from each sample was placed into lysis buffer (50 mM 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid, 150 mM NaCl, 10% glycerol, and 1% TritonX 100 [Dow Chemical, Midland, MI]). This aliquot was then transferred into a tissue homogenizer and exposed to 25 strokes of the homogenizer to general a protein lysate to be analyzed by Western blot analysis. This lysate was stored at −20°C until the Western blot analysis was performed. In order to determine if proteins were present after ultrasonic cavitation and homogenization sodium dodecyl suifate (SDS)-PAGE was run. Twenty uL of each lysate was loaded on SDS-PAGE gel (BioRad, GenScript, Piscataway, NJ) along with a full molecular weight standard rainbow marker (GE Healthcare Life Sciences, Pittsburgh, PA). The gel was run for 60 minutes at 100 V at room temperature. The proteins were visualized by coomassie brilliant blue staining (Sigma Aldrich, St Louis, MO). Primary antibodies were purchased against collagen I (GeneTex, Irvine, CA), III (GeneTex), IV (GeneTex), fibronectin (GeneTex), adiponectin (GeneTex), leptin (GeneTex), resistin (GeneTex), and myosin light chain (GeneTex), as the negative control. The final product lysates were run on a 12% SDS-PAGE gel (BioRad) for 1.5 hours at 100 V in 1× SDS-PAGE running buffer (Tris, Glycine, SDS). The proteins were then transferred onto a polyvinylidene difluoride membrane (PVDF) membrane (BioRad) for 1 hour 45 minutes at 100 V in 1× transfer buffer (Methanol, Tris, Glycine, SDS). The membranes were then blocked in 5% nonfat milk in PBS overnight at room temperature. After blocking the membrane was washed 3× with PBS to remove residual milk. The primary antibody was added in a 1:500 dilution in PBS according to the manufacturer's recommendations. The primary antibody was incubated for 1 hour at room temperature with gentle shaking. After the 1 hour incubation with the primary antibody, the PVDF membrane was washed 3× with PBS. A goat antirabbit secondary antibody conjugated to alkaline phosphatase (Sigma) in a 1:10,000 dilution in PBS was then added to the PVDF membrane. The secondary antibody was incubated at room temperature for 60 minutes. Isolates were then concentrated after traditional methods showed they were not in concentrations needed for Western blot transfer.
The following cell markers were studied: CD34, CD45, CD105, CD19, CD144, and CD90. [4] [5] [6] [7] [8] Since adipocytes present a unique technical challenge for flow cytometric analysis; freshly prepared adipocyte suspensions contain both cells and fat droplets ranging from 10 to 120 microns in diameter, which makes it difficult to distinguish the cells from fat droplets. The use of the pH-sensitive vital stain, Biscarboxyethylcarboxyfluorescein, permitted the deciphering of cells from fat droplets since fat droplets do not fluoresce. The protein composition of the final product was studied by Western blot analysis assaying for the following proteins: Lastly, the cell viability was measured. The 7-AAD (7-aminoactinomycin D) viability dye evaluation for excluding dead cells in flow cytometric experiments was used to assess the viability of cells at 3 points in the process: (1) prior to processing; (2) after low level ultrasonic treatment; and (3) postprocessing after cryo-grinding. This analysis consisted of the cell types shown in Table 2 , that is adipocytes, fibroblasts, pericytes, mesenchymal cells, smooth muscle cells, and endothelial cells.
RESULTS
The liposuctioned fat obtained from 10 women with an average of 298 cc per subject (range, 150-1200 cc) ( Table 1 ). The age range was from 30 to 62 years (average, 42.7 years) and the body mass index (BMI) ranged from 20.2 to 35.4 kg/m 2 (average, 26 kg/m 2 ). None of the patients were obese as evidenced by the amount of liposuctioned fat from each. After processing an average of 1 cc of collagen was obtained from each 100 cc of fat. Significant cell markers were present in descending order for adipocytes > CD90+ > CD105+ > CD45+ > CD19+ > CD1 44+ > CD34+ (Table 2 ). It was expected that adipocytes are the largest number of cells found here since they are the largest population of cells in adipose tissue followed by mesenchymal cells. The cell counts were also compared to the unprocessed fat obtained by liposuction (Table 3) .
There were 3 collagen proteins consistently found in each sample, types I, II, IV. Additional proteins seen were fibronectin, adiponectin, leptin, resistin. No myosin or plaminogen activating factor were seen. The samples all show consistency in the process, in that the same proteins are found in each sample even though the samples are from different individuals as seen in Figure 1 . Scanning electronic microscope study (SEM) after the ultrasonic treatment showed a regular pattern of crosslinked, helical collagen ( Figure 2 ). After the cryo-grinding the collagen retained the same structure as seen in the SEM (Figure 3) . Results of the 7-AAD (7-aminoactinmycin D) viability dye evaluation show that cell viability is 67.8%, 32.6%, and 30.5% respectively, for the preprocess, postultrasound, and post-cryo-grind times in the processing of the autologous fat tissue into a collagen matrix (Figure 4) .
DISCUSSION
As expected, the most common viable cell type was the adipocyte. It is also quite possible to have blood present in any given lipoaspirate due to the liposuction procedure as well as the vasculature that feeds the adipose tissue, based on that we selected the blood marker CD45, which indeed was seen in the sample. Additionally, there have been reports of CD34+ cells, otherwise known as endothelial cells, in adipose tissue so this was assayed as well and was found to be the least common cell type. 4 CD105, also known as the glycoprotein endoglin, is a cell surface Figure 1 . Western blot analysis. Based on these data, the ultrasonic cavitation does not appear to alter the biochemical composition of the processed final product as compared to unprocessed adipose tissue. protein that is generally used as a cell surface biomarker for mesenchymal stem cells. It has been reported that a population of CD105 positive cells can be found in adipose tissue, 5-8 therefore this was selected as one of the cell populations that needed to be assayed for this characterization study. Reports indicate that CD105 cells are generally quite high in number in adipose tissue and this number varies from person to person. Indeed, in this study we found that CD 105 was the second most common cell type after adipocytes. CD144, also referred to as VE-cadherin, is a cell surface protein found on the surface of endothelial cells. It is a calcium dependent protein that is involved in the adhesion of cells to the extracellular matrix. The protein is localized to the intracellular junctions of endothelial layers such as those of blood and lymphatic vessels. There have been reports that cells positive for CD144 have been discovered in adipose tissue. 9,10 CD19, also known as cluster differentiation factor 19, is found on the surface of B cells and have been described as being present in subcutaneous adipose tissue and appear to be a potential biomarker for obesity-related insulin resistance and diet-induced adipose tissue inflammation. CD19 cells were found in this study. 11 CD90, also known as cluster differentiation factor 90, or Thy-1, is a cell surface protein found on the surface of numerous cell types including; mesenchymal stem cells, neurons, thymocytes, fibroblasts, endothelial cells, mesangial cells, and some hematopoietic cells. CD90 can also be found in a soluble form where it promotes T-cell activation. It is also involved in cellular adhesion, cell death, and tumor growth. CD90 has been reported to be present in adipose tissue and was found here. [12] [13] [14] As expected, collagen I, III, and IV were found in every sample with the Western blot analysis. In addition, fibronectin, adiponectin, and resistin all components of adipose tissue were consistently found. [15] [16] [17] [18] [19] [20] [21] [22] Myosin was not found in any sample and was not expected as it is a component of muscle tissue. Based on these data, the ultrasonic cavitation does not appear to alter the biochemical composition of the processed final product as compared to unprocessed adipose tissue.
A scanning electron microscope of the tissues, before, during, and after preparation demonstrated the characteristic interwoven bundles of collagen remained unchanged and that intact cellular structures could also be visualized. Other studies of the native protein structure such as native blue gel, which allows movement of the proteins in a more native state, were not performed in this study and remain to be done as further proof of the protein structure. Collagen, I, III, and IV as fillers exhibit low inflammatory and good biocompatibility properties. They undergo a natural degradation which promotes cell migration, cell proliferation, and angiogenesis. 23 Autologous collagen is even superior and only suffers from the lack of a sufficient, easily obtainable tissue. In this study it has been shown that a collagen matrix can be obtained from fat which contains viable cells from the connective tissue. The viable cells present after preparation of the matrix could possibly function in a regenerative manner and result in new collagen and fat formation in the implanted host. Response to this matrix when implanted remains to be seen but shows promise as a soft tissue filler and matrix for reconstructive procedures. Limitations of this study include the small sample size and that more analysis of the protein structure of the collagen could have been performed. Additionally, matrix assisted laser desorption/ionization or time of flight mass spectrometer tests were not run to reconfirm the Western analysis.
CONCLUSION
An autologous collagen matrix with cells can be easily and quickly obtained from liposuctioned fat without alteration of the overall cellular composition or structure of the adipose connective tissue. The amount of collagen per 100 cc of fat is low at 1 cc but this is compensated for by the large amount of fat available for harvesting. Stromal cells including fat and fibroblasts remain viable after processing. The matrix may prove advantageous as a soft tissue filler or carrier for reconstructive procedures and wound healing.
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